Abstract. We introduce a new experimental apparatus for cold atom based on an atom chip setup. It is going to feature for the first time the ability to interchange the atom chip frequently and rapidly. The setup will be paired with photonic structures on-chip for the detailed study of matter-light interactions. Here, we present the design of the new apparatus and present first ideas on how to use the unique combination of cold-atom technology with interchangeable photonics components, both, for basic research and applications to modern information technologies.
Introduction
The advent of laser cooling techniques had a great impact on atomic physics and opened a door for the precise control of quantum states. Nowadays cold atoms can also be manipulated on the quantum level by using magnetic micro traps on a chip. These atom chips [1] [2] [3] are used to prepare cold atomic samples and Bose-Einstein condensates (BEC) in experimental setups that are more compact than traditional apparatus and allow for fast experimental cycles [4] . Further manipulation of the atoms, such as guided transport [1] and precise control of the quantum state [2] , can be achieved by help of suitably micro fabricated wire patterns on the chip [3] . Additionally, integrated photonic structures fabricated in silicon thin films have gained importance in various applications [5] [6] [7] and, due to the small the band gap of silicon of 1.1 eV, these silicon-on-insulator systems have till now been used for, e.g. the creation of waveguides for wavelengths above 1100 nm, benefiting also from low material absorption rates and good material properties [8] . For visible wavelengths, such as 780 nm, photonic devices had to be realized in different materials that are compatible with silicon fabrication processes [9] . In this respect we introduce a new experimental setup that combines these two emerging technologies: atom chip based atomic physics with integrated photonic functionality in silicon technology to provide insight into the tailored control of light fields and photonic memories.
Experiment
In the experiment an atom chip will be mounted inside a glass cell allowing for high optical access to the photonic structures on the chip as well as for the creation and manipulation of a cold 87 Rb cloud. The glass cell has outer dimensions of 78.5 mm x 80 mm x 28 mm, the glass thickness is 4 mm. On one side of the cell a glass-to-metal transition tube is attached under 45 deg (see Fig.   1 ). This tube of shortest possible length (113.5 mm) ends in a standard CF-40 flange, the whole assembly being ultra-high vacuum rated. The central components of the setup are shown in Fig.   1 . Great care is taken to reduce the overall length of the setup between the glass cell and the UHV gate valve. This is to allow an easy replacement of the chip that is internally connected via a sturdy rod to a linear shift mechanism. We will employ the HLSM38-300-SS linear shift stage with a maximum travel of 300 mm. The UHV gate valve (model E-GV-1500M 302012 DN40CF) is open when the rod locates the chip inside the glass cell during normal experiment conditions. To replace the atom chip, the sustaining rod can be retracted from the cell and the gate valve closed.
can be exchanged without breaking the ultra-high vacuum on the glass cell side of the experiment.
Upon re-installation of the chip the load-lock region will be brought back to high vacuum conditions via an integrated pumping access in the gate valve. The wires that establish the magnetic fields necessary for the magnetic trapping of Rb will be beneath the atom chip so that only the upper layer of the chip with the photonic structures needs to be replaced. The trapping setup is completed by external Anti-Helmholtz coils for the initial magneto optical trap (MOT) stage and three pairs of Helmholtz coils to arbitrarily control homogeneous [10] magnetic fields (see Fig. 2 ).
The analysis of the Anti-Helmholtz coils is shown in Fig. 3 , field gradients of 8 G/cm are expected for currents of 15 Amp. As conventional for atom chips we will employ a variation of the MOT technique known as mirror MOT [11] . . Based on this technology we will design and fabricate an atom chip at KIT Germany. In the first round of experiments we plan to implement optical ring resonators (40 µm radius) connected via optical waveguides to light coupling structures. These grating couplers are used to couple the light into and out of the chip [12] . In a preliminary work three sets of grating couplers were already optimized for operation at 780 nm (the wavelength of the optical transitions used in experiments with 87 Rb). By adjusting the period, Fig. 5 (a,b) , of the grating it is possible to optimize the coupling efficiency of the couplers. In Fig. 5 (d,e) we report the calculated performance achievable in a system of two couplers connected by a piece of waveguide, Fig. 5 (c) . While the light couplers are optimized to couple 780 nm laser light to the photonic structures the ring resonators feature exceptionally high Q factors. Q factors in excess of 30 000 were demonstrated [9] . For visible wavelengths (around 750 nm -810 nm) a ring resonator is shown in Fig.   6 . Optimized for a wavelength of about 780 nm the photonic structures will also be in resonance to optical transitions within 87 Rb. Hence, an efficient coupling between the resonantly enhanced light fields in the optical ring resonators and the atomic levels is ensured and the mutual influence between the two key components of the new experiment can be studied in detail.
Conclusions
The study of light-matter interaction is a basic tool in physics research. Furthermore, it is steadily gaining importance in applications. For future information technology applications the fast and minute control of quantum light fields is of basic interest and will be the basic building block of state-of-the art communication protocols. Our experiment is to combine available techniques in the field of atomic physics and photonics to precisely control, both, cold atoms and light fields. Our experimental efforts will provide the ideal platform for the study of matter-light interactions. First studies are to concern the influence of 87 Rb atoms on the Q factors of resonating structures. Applications in the field of optical switches and high-precision sensors are perceivable.
Based on these results new chip designs with enhanced possibilities will be developed and, due to the modular load-lock system, rapidly put to study. Due to this unique property of our project, the ability to quickly exchange the atom chip, we are able to rather easily extend our studies to investigations of the behavior of plasmonic meta-materials and other interesting structures, such as carbon nanotubes, in close contact to atomic samples. Finally, while at present the experiment only aims to realizing a cold atoms cloud, the setup is versatile enough to enhance the chip functionality by embedding further electronic circuits that allows us to attain degenerate atomic samples, Bose-Einstein condensates. In this realm even stronger mutual influences between light fields and matter waves are to be expected. 
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